Inhibition of monocyte and macrophage chemotaxis by hypoxia and inflammation--a potential mechanism.
Macrophages accumulate in areas of inflammation and necrosis that are likely to be hypoxic. Chemotaxis of monocytes and macrophages towards chemokines is rapidly (within 60-90 min) inhibited by hypoxia. Exposure to the inflammatory cytokine TNF-alpha has a similar effect on monocyte migration. We report here that neither changes in mitochondrial respiration nor intracellular pH are involved in migration arrest. However, hypoxic inhibition of migration was mimicked using chemical activators of hypoxia-inducible factor-1 and reversed by transcriptional inhibition. We used RNA arbitrarily primed PCR, a differential display technique, to investigate which genes were up-regulated within 90-min exposure to hypoxia. Of several thousand mRNA screened, only one was consistently up-regulated by hypoxia and this was identified as MAPK phosphatase 1 (MKP-1), which modulates MAPK activity. Levels of MKP-1 mRNA and protein were rapidly elevated in monocytic cells and primary macrophages after hypoxia or TNF-alpha treatment. The functional significance of MKP-1 was illustrated by hypoxia-induced decreases in phosphorylated MAPK in these cells and arrest of chemotaxis by MAPK inhibitors. We suggest that one of the important events in an 'emergency stop' response in monocytic cells and macrophages may be inhibition of the chemoattractant signaling cascade.